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(57) ABSTRACT 

Flexible circuit having a laminated metal base layer is laser 
Welded to a locus of Weld attachment de?ned by the load 
beam and/or the ?exure of a disk drive suspension by use of 
a selected portion of the base layer, the balance of the base 
layer having been removed, to achieve a Weld attachment 
and avoid use of resinous adhesives and their outgassing 
problems. 

20 Claims, 3 Drawing Sheets 
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SUSPENSION WITH FLEXIBLE CIRCUIT 
WELDED THERETO VIA METAL PADS 

RELATED APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application Ser. No. 60/070,599 ?led Jan. 6, 1998. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to disk drive suspensions of the 
type having a load beam and ?exure combination for sup 
porting a read-Write head carrying slider in operating prox 
imity to a disk. In such suspensions a ?exible circuit 
electrical connector may be used to form the electrical 
connection betWeen the slider and the read-Write circuitry 
beyond the load beam. While a typical ?exible circuit 
connector comprises multiple conductors Within an insulat 
ing encapsulant, in the present invention the multiple con 
ductors Within the resin encapsulant are referred to as a 
conductive layer, and this conductive layer is laminated to a 
metal base layer, typically a stainless steel band that may be 
attached to the ?exible circuit to add body to the ?exible 
circuit and for other purposes. The metal band-laminated 
?exible circuit Will be referred to herein as a laminated 
?exible circuit or laminated ?exible circuit connector When 
a distinction is being made from ?exible circuit having no 
laminated base layer. 

2. Related Art 

Flexible circuit electrical connector has been supported on 
load beam-?exure combinations by adhesive attachment at 
distributed locations. The use of adhesives in electronic 
assembly is sometimes problematical, hoWever, as outgas 
sing of resin constituents may occur in use With adverse 
effects on operation of the device incorporating the assem 
bly. Flexible circuit laminated With stainless backing is 
knoWn and used in suspensions in circumstances Where the 
greater stiffness of the laminate is acceptable. Such lami 
nates have been ?xed in place With adhesives, also, and thus 
there remains the need to provide suspensions that are 
capable of being Welded in place, i.e. held Without the use 
of adhesives, When using ?exible circuit type conductors. 

SUMMARY OF THE INVENTION 

It is an object therefore to provide an improved disk drive 
suspension. It is another object to provide a disk drive 
suspension using ?exible circuit electrical connector. It is a 
further object to provide a suspension in Which ?exible 
circuit is Welded to the suspension load beam and/or ?exure 
rather than adhered With synthetic organic resin adhesive, so 
as to avoid potential outgassing problems. Still another 
object is to provide a modi?ed ?exible circuit electrical 
connector With minimum base layer for minimum stiffness. 
It is yet another object to provide for Weld-attachment of a 
?exible circuit by using a laminated metal band base layer 
as the source of Weld material; substantially the balance of 
the band being removed in preferred modes of the invention. 
A further object comprises arranging the disposition and 
con?guration of laminated ?exible circuit electrical connec 
tor on a load beam and ?exure combination such that 
Welding of the ?exible circuit to the load beam or ?exure is 
achievable from either side of the combination, and particu 
larly from the ?exible circuit-bearing side of the combina 
tion. 

These and other objects of the invention are realiZed in a 
disk drive suspension comprising a load beam, a ?exure 
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2 
attached to the load beam for carrying a slider in operating 
proximity to a disk, and a laminated ?exible circuit electrical 
connector comprising a conductive layer having a plurality 
of conductors encapsulated With insulating resin and a metal 
band base layer to Which the conductive layer is laminated, 
the load beam de?ning a locus of Weld-attachment to the 
electrical connector, the electrical connector metal band base 
layer being reduced to a portion dimensioned to be opposite 
only the Weld attachment locus and substantially coexten 
sive only thereWith for Weld attachment of the electrical 
connector to the load beam by Welding the base band portion 
laminated to the encapsulated conductors to the load beam, 
substantially the balance of the electrical connector being 
free of the metal band base layer. 

In this and like embodiments, typically, the load beam has 
a reduced cross-section at the locus of Weld attachment in 
laser Welding facilitating relation, the electrical connector 
de?nes a port for cooling gas delivery proximate to the Weld 
attachment locus, and the electrical connector is Welded to 
the load beam at the Weld attachment locus. 

In a further embodiment, the invention provides a disk 
drive suspension comprising a load beam, a ?exure attached 
to the load beam for carrying a slider in operating proximity 
to a disk, and a laminated ?exible circuit electrical connector 
comprising a conductive layer having a plurality of conduc 
tors encapsulated With insulating resin and a metal band base 
layer to Which the conductive layer is laminated, the ?exure 
de?ning a locus of Weld-attachment to the electrical 
connector, the electrical connector metal band base layer 
being reduced to a portion dimensioned to be opposite only 
the Weld attachment locus and substantially coextensive 
only thereWith for Weld attachment of the electrical connec 
tor to the load beam by Welding the metal base band portion 
laminated to the encapsulated conductors to the load beam, 
substantially the balance of the electrical connector being 
free of the metal base band layer. 

In this and like embodiments, typically, the electrical 
connector de?nes a port for cooling gas delivery proximate 
to the Weld attachment locus, the load beam has a reduced 
cross-section at the locus of Weld attachment in laser Weld 
ing facilitating relation, the electrical connector is Welded to 
the load beam at the Weld attachment locus. 

In a further embodiment, the invention provides a disk 
drive suspension comprising a load beam, a ?exure attached 
to the load beam for carrying a slider in operating proximity 
to a disk, and a laminated ?exible circuit electrical connector 
comprising a conductive layer having a plurality of conduc 
tors encapsulated With insulating resin and a metal band base 
layer to Which the conductive layer is laminated, the load 
beam and the ?exure each de?ning a locus of Weld 
attachment to the electrical connector, the electrical connec 
tor metal band base layer being reduced to portions dimen 
sioned to be opposite only each the Weld attachment locus 
and substantially coextensive only thereWith for Weld attach 
ment of the electrical connector to the load beam and ?exure 
by Welding the base band portion laminated to the encap 
sulating conductors to the load beam, substantially the 
balance of the electrical connector being free of the metal 
band base layer. 

In this and like embodiments, typically, the electrical 
connector conductive layer insulating resin encapsulant is 
locally apertured adjacent the metal band base layer portion 
freely of interruption of the conductors and their insulating 
resin encapsulation, the locally apertured insulating resin 
encapsulant de?nes a port for cooling gas delivery proxi 
mate to each the Weld attachment locus, the electrical 
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connector is Welded to the load beam at the Weld attachment 
locus, the area of the electrical connector metal band base 
layer is not more than ?ve times the area of the Weld betWeen 
the metal band base layer and the load beam or ?exure at the 
locus for Weld attachment, the load beam has a reduced 
cross-section at the locus of Weld attachment in laser Weld 
ing facilitating relation, the load beam reduced cross section 
is de?ned by a surface recess in the load beam, the load 
beam recess opens toWard and receives the metal band base 
layer portion for Weld attachment to the load beam, or the 
load beam recess opens aWay from the metal band base layer 
portion. 

In a still further embodiment, the invention provides a 
load beam and ?exure combination With a ?exible circuit, 
the ?exible circuit having a laminated pad of metal band 
base layer dimensioned for Welding to a load beam or 
?exure, the ?exible circuit being Weld-attached to either or 
both of the load beam and the ?exure, the pad area not 
exceeding ?ve times the area of the Weld. 

In this and like embodiments, typically, the ?exure has 
laterally projecting tabs, the tabs supporting the ?exible 
circuit in Weld-attached relation, the load beam and the 
?exure tabs de?ne plural Weld-attachment loci, the ?exible 
circuit comprises a conductive layer of multiple conductors 
encapsulated in an insulating resin laminated to the metal 
layer pads, the metal layer pads being located opposite the 
Weld-attachment loci in laser-Weldable relation, and the 
?exible circuit along the length of the ?exure is free of metal 
layer laminate other than at the loci of Weld attachment. 

In its method aspects, the invention provides a method of 
manufacturing disk drive suspensions including attaching 
conductors to the suspension load beam by juxtaposing a 
laminated ?exible circuit comprising a conductive layer 
having conductors encapsulated in insulating resin and a 
metal band base layer With a load beam, a ?exure, or both 
a ?exure and a load beam, each having a locus for Weld 
attachment, selecting from the metal band base layer a 
portion dimensioned for Weld-attaching the ?exible circuit 
to the load beam and/or ?exure, removing substantially the 
remainder of the metal band base layer from the ?exible 
circuit, and laser Welding the metal band base layer portion 
to the load beam, ?exure or both. 

In this and like embodiments, typically, there is included 
effecting the laser Welding through the metal band base layer 
portion to the load beam locus of Weld attachment, relieving 
the load beam thickness at its the locus of Weld attachment, 
and during laser Welding directing cooling gases toWard the 
locus of Weld attachment, and further juxtaposing the ?ex 
ible circuit With a ?exure having a further locus of Weld 
attachment, selecting a further portion of the metal band 
base layer, and laser-Welding the ?exible circuit metal band 
base layer further portion to the ?exure at the further locus 
of Weld attachment. 

THE DRAWINGS 

The invention Will be further described in conjunction 
With the attached draWings in Which: 

FIG. 1 is a plan vieW of a disk drive suspension according 
to the invention, vieWed from the slider bearing side; 

FIG. 1A is a vieW taken on line 1A in FIG. 1; 
FIG. 1B is a vieW taken on line 1B in FIG. 1; 
FIG. 2 is a vieW in cross-section of the Weldment of the 

?exible circuit to the ?exure tab, taken on line 2—2 in FIG. 
1B and inverted; 

FIG. 3 is a vieW in cross-section of the ?exible circuit and 
load beam juxtaposed for laser Welding from the load beam 
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4 
side of the assembly, the dimensioned metal layer portion 
being betWeen the load beam and the ?exible circuit con 
ductive layer; 

FIG. 3A is a vieW in cross-section of the Weldment of the 
?exible circuit to the load beam; 

FIG. 4 is a vieW in cross-section of the ?exible circuit and 
load beam juxtaposed for laser Welding from the ?exible 
circuit side of the assembly, the dimensioned metal layer 
portion being Within a relief recess in the load beam; and, 

FIG. 4A is a vieW in cross-section of a Weldment of the 
?exible circuit to the load beam. 

DETAILED DESCRIPTION 

The present invention enables the easy Welding of ?exible 
circuit electrical connector to the load beam and ?exure 
suspension components. By having and utiliZing a metal 
band layer laminated to the plastic encapsulated conductors 
of a ?exible circuit electrical connector the necessary metal 
for effecting Welding attachment of the ?exible circuit by 
application of laser heat is provided. By removing some or 
substantially all the balance of the metal band in the process 
of manufacture, the theoretical problem of undue stiffness 
resulting from the metal band attachment to the laminate is 
obviated. By selective removal of the encapsulant resin to 
expose the normally covered laminated surface of the metal 
band portion to be Weld-attached, laser Welding is readily 
accomplished Without damage to the encapsulant or the 
conductors therein, and reverse side Welding, ie from the 
?exible circuit electrical connector is facilitated. In preferred 
modes of the invention, the encapsulant is also partially 
removed to furnish a port for application of cooling gases 
during Welding. 
With reference to the draWings, FIGS. 1, 1A, 1B and 2 

shoW a disk drive suspension 10 adapted to be ?xed by 
mounting plate 8 to an actuator arm (not shoWn) and 
comprising a load beam 12, a ?exure 14 and ?exible circuit 
electrical connector 22. The load beam 12 has a base portion 
12a to Which the mounting plate 8 is attached, spring portion 
12b and a rigid portion 12c having edge rails 12d. The 
?exure 14 comprises ?exure body 20 apertured at 14b to 
form outrigger arms 14c, 14d and a gimballing tongue 14e 
movable betWeen the arms and to Which a slider may be 
attached. Flexure outrigger arms 14c, 14d are supported by 
outrigger tabs 16, 18 extending laterally from the ?exure 
body 20. 

In accordance With the invention, ?exible circuit electrical 
connector 22 is not adhesively attached but is Weld-attached 
to the load beam 12 and/or the ?exure 14. In the illustrated 
embodiment of FIGS. 1, 1A, 1B and 2, the electrical 
connector 22 is Weld-attached to the load beam 12 at 
attachment locus 24 and to the ?exure 14 at its outrigger tabs 
16, 18 at their respective loci 25, 26. 

For purpose of attachment a ?exible circuit electrical 
connector 22 is used that comprises a conductive layer 30 
comprising an insulating resin encapsulant 34, eg a poly 
imide resin, and multiple conductors 36. The connector 22 
also includes a metal band layer 32. See FIG. 2. The 
encapsulating resin 34 that encapsulates the conductors 36 
may encapsulate the metal band layer 32 as Well. The metal 
band layer 32 is laminated to the conductive layer 30 by a 
suitable resin adhesive, such as the encapsulating resin 34 
itself surrounding and insulating the multiple conductors 36, 
or another adhesive. Laminate and its cognitives herein refer 
to the bonded condition of tWo layers Whether those layers 
are coextensive or not. Thus, While it is preferred to have at 
least initially the metal band layer 32 and the conductive 
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layer 36 coextensive, it is possible to have only portions of 
the metal band layer at the outset of manufacture as Well as 
at its conclusion and still achieve the purposes of the 
invention. 

Laser Welding of the electrical connector 22 and the load 
beam 12 and/or ?exure 14 requires that there be the equiva 
lent of Welding ?ux at the interface of the parts to be Welded. 
In accordance With the invention, that necessary material can 
be found in suitably dimensioned portions 38 of the metal 
band layer 32. To realiZe portions 38 from the electrical 
connector 22, the connector is selectively etched leaving 
primarily the portions 38 in areas to be described and 
removing substantially the entire balance of the metal band 
layer 32 from the conductive layer 30, that is, not more than 
10—20% of the original layer 32 Will remain and at least 90% 
of that, areally speaking, Will be in the portions 38. 

It may be desirable to remove or reshape the insulating 
resin encapsulant 34 from the intended area of Welding to 
facilitate cooling in the area for example, and to avoid 
damage to conductors 36 and the encapsulant 34 immedi 
ately surrounding the conductors. In FIGS. 1B and 2 the 
encapsulant 34 has been reshaped to provide an aperture 28 
betWeen pairs of multiple conductors 36 and to expose the 
locus of Weld attachment 26 on ?exure outrigger 18. The 
electrical connector 22 is similarly reshaped as shoWn in 
FIG. 1A to form aperture 29 at the load beam locus 24 of 
Weld attachment. 

With particular reference to FIG. 2, Which is illustrative of 
all such connections of load beam 12 and ?exure 14, the 
remnant portion 38 of the metal layer 32 is registered With 
the Welding attachment locus 26 de?ned by ?exure outrigger 
tab 18 as the load beam and ?exure are juxtaposed in the 
desired relation. The encapsulant resin aperture 31 is also 
registered With the Welding attachment locus 26. A laser 
beam is directed at the assembly from either above or beloW; 
See FIGS. 3 and 4. Advantageously With the present 
invention, the Welding of the ?exible circuit electrical con 
nector 22 to the load beam 12 or ?exure 14 is achievable 
from either side of their assembly, and, particularly 
advantageously, from the ?exible circuit-bearing side of the 
assembly. As shoWn in FIG. 2, the metal layer portion 38 is 
locally fused to form Weldment 42 that joins the portion 38 
to the ?exure outrigger tab 18. It Will be noted that the 
outrigger tab 18 is of a reduced thickness opposite the Weld 
attachment locus 26 and that this reduced thickness area is 
also partly fused by the laser Welding action in forming 
Weldment 42. The conductive layer 30 being already adhe 
sively joined to the metal layer portion 38 is thus attached to 
the ?exure outrigger tab 18. 

With reference noW to FIGS. 3, 3A, 4, and 4A, in Which 
like parts have like numbers to the other Figures, in FIGS. 
3 and 3A the load beam 12 is juxtaposed With the ?exible 
circuit electrical connector 22 from Which the metal layer 32 
has been removed, save portion 38, Which portion is dimen 
sioned as shoWn to be opposite only to the Weld-attachment 
locus 24 and substantially coextensive only With that locus. 
The load beam 12 is reduced in cross-section at etched relief 
27 to facilitate laser Welding With a suitable energy input 
(shoWn schematically in FIG. 3) by offering a thinner Wall 
for faster heat penetration to the metal layer portion 38. The 
opposing encapsulant 34 aperture 28 provides a port 33 that 
alloWs for the delivery of cooling gas during Welding to 
minimiZe Weld burn. The resulting Weldment 35 is depicted 
in FIG. 3A. 

The Weldment 35 area is not narroWly critical and, in 
general, Will be sufficient to join the load beam 12 to the 
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metal layer portion 38 and thus join the electrical connector 
22 to the load beam. Excessive Weldment 35 area is to be 
avoided as requiring excessive heat input into the load beam 
12 and connector 22. In preferred modes, not more than 
10—20% of the original metal band layer 32 Will remain on 
the connector 22, and about 90% of that Will be in the 
portions 38 used to attach the connector to the load beam or 
?exure. The areas of Weldment 35, then, relative to the locus 
in Which the Weldment is placed, Will range from 5 to 50% 
of the locus. For this purpose the locus 24 Will be considered 
the area opposite the relief 27 of the load beam 12. 

In FIGS. 4 and 4A, the ?exible circuit electrical connector 
22 is attached to the load beam 12 by incorporating the metal 
band layer portion 38 into the relief 27 of the load beam. A 
reduced thickness is thus provided in the load beam for laser 
Welding, as before, but reversed to be open to and oppose the 
portion 38. This Will afford a someWhat loWer pro?le than 
the FIG. 3 embodiment, and is advantageous also for per 
mitting laser energy application from the ?exible circuit 
electrical connector 22 side of the assembled load beam 12 
and connector. A Weldment 37 results, FIG. 4A. 
The attachment of the connector 22 by a metal band 

portion 38 to the ?exure tabs 16, 18 is readily seen to simply 
folloW the just described load beam attachment procedure. 
The invention thus provides an improved disk drive 

suspension using ?exible circuit electrical connector Welded 
to the suspension load beam and/or ?exure rather than 
adhered With synthetic organic resin adhesive, and thereby 
avoids potential outgassing problems. The invention further 
provides a modi?ed ?exible circuit electrical connector With 
a minimum base layer for minimum stiffness that is a source 
of Weld material; substantially the balance of the band being 
removed, and permits laser Welding of the load beam and 
?exure to the connector from either side thereof, and par 
ticularly from the ?exible circuit-bearing side of the 
combination, all While obviating the use of adhesives to join 
the ?exible circuit connector and the load beam and/or 
?exure. 

I claim: 
1. A disk drive suspension comprising a load beam, a 

?exure attached to the load beam for carrying a slider in 
operating proximity to a disk, and a laminated ?exible 
circuit electrical connector comprising a conductive layer 
having a plurality of conductors encapsulated With insulat 
ing resin and a metal band base layer to Which said con 
ductive layer is laminated, said load beam de?ning a locus 
of Weld attachment to said electrical connector, said elec 
trical connector metal band base layer being reduced to a 
portion dimensioned to be opposite only said Weld attach 
ment locus and substantially coextensive only thereWith for 
Weld attachment of said electrical connector to said load 
beam by Welding said metal band base layer portion lami 
nated to said encapsulated conductors to said load beam, 
substantially the balance of said electrical connector being 
free of said metal band base layer. 

2. The disk drive suspension according to claim 1, in 
Which said load beam has a reduced cross-section at said 
locus of Weld attachment in laser Welding facilitating rela 
tion. 

3. The disk drive suspension according to claim 1, in 
Which said electrical connector de?nes a port for cooling gas 
delivery proximate to said Weld attachment locus. 

4. The disk drive suspension according to claim 1, in 
Which said electrical connector is Welded to said load beam 
at said Weld attachment locus. 

5. A disk drive suspension comprising a load beam, a 
?exure attached to the load beam for carrying a slider in 
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operating proximity to a disk, and a laminated ?exible 
circuit electrical connector comprising a conductive layer 
having a plurality of conductors encapsulated With insulat 
ing resin and a metal band base layer to Which said con 
ductive layer is laminated, said ?exure de?ning a locus of 
Weld attachment to said electrical connector, said electrical 
connector metal band base layer being reduced to a portion 
dimensioned to be opposite only said Weld attachment locus 
and substantially coextensive only thereWith for Weld attach 
ment of said electrical connector to said load beam by 
Welding said metal band base layer portion laminated to said 
encapsulated conductors at said locus to said ?exure, sub 
stantially the balance of said electrical connector being free 
of said metal band base layer. 

6. The disk drive suspension according to claim 5, in 
Which said electrical connector de?nes a port for cooling gas 
delivery proximate to said Weld attachment locus. 

7. The disk drive suspension according to claim 5, in 
Which said load beam has a reduced cross-section at a 
second locus of Weld attachment in laser Welding facilitating 
relation. 

8. A disk drive suspension comprising a load beam, a 
?exure attached to the load beam for carrying a slider in 
operating proximity to a disk, and a laminated ?exible 
circuit electrical connector comprising a conductive layer 
having a plurality of conductors encapsulated With insulat 
ing resin and a metal band base layer to Which said con 
ductive layer is laminated, said load beam and said ?exure 
each de?ning a locus of Weld attachment to said electrical 
connector, said electrical connector metal band base layer 
being reduced to portions dimensioned to be opposite only 
each said Weld attachment locus and substantially coexten 
sive only thereWith for Weld attachment of said electrical 
connector to said load beam and ?exure by Welding said 
metal band base layer portions laminated to said encapsu 
lated conductors to said load beam and said ?exure, sub 
stantially the balance of said electrical connector being free 
of said metal band base layer. 

9. The disk drive suspension according to claim 8, in 
Which said electrical connector conductive layer insulating 
resin encapsulant is locally apertured adjacent said metal 
band base layer portion freely of interruption of said con 
ductors and their insulating resin encapsulation. 

10. The disk drive suspension according to claim 9, in 
Which said locally apertured insulating resin encapsulant 
de?nes a port for cooling gas delivery proximate to each said 
Weld attachment locus. 
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11. The disk drive suspension according to claim 8, in 

Which said electrical connector is Welded to said load beam 
at said load beam Weld attachment locus. 

12. The disk drive suspension according to claim 11, in 
Which the area of one of said metal band base layer portions 
is not more than ?ve times the area of the Weld betWeen said 
metal band base layer and said load beam at said load beam 
locus of Weld attachment. 

13. The disk drive suspension according to claim 12, in 
Which said load beam has a reduced cross-section at said 
load beam locus of Weld attachment in laser Welding facili 
tating relation. 

14. The disk drive suspension according to claim 13, in 
Which said load beam reduced cross section is de?ned by a 
surface recess in said load beam. 

15. The disk drive suspension according to claim 14, in 
Which said load beam recess opens toWard and receives said 
one of said metal band base layer portions for Weld attach 
ment to said load beam. 

16. The disk drive suspension according to claim 14, in 
Which said load beam recess opens aWay from said one of 
said metal band base layer portions. 

17. A load beam and ?exure combination With a ?exible 
circuit, said ?exible circuit having at least one laminated pad 
of metal band base layer dimensioned for Welding to a load 
beam or ?exure, said ?exible circuit being Weld-attached to 
either or both of said load beam and said ?exure, said pad 
having an area not exceeding ?ve times the area of said 
Weld. 

18. The load beam and ?exure combination according to 
claim 17, in Which said ?exure has laterally projecting tabs, 
said tabs supporting said ?exible circuit in Weld-attached 
relation. 

19. The load beam and ?exure combination according to 
claim 18, in Which said load beam and said ?exure tabs 
de?ne plural Weld attachment loci, said ?exible circuit 
comprises a conductive layer of mu conductors encapsulated 
in an insulating resin laminated to said at least one pad, said 
at least one pad being located opposite each of said Weld 
attachment loci in laser-Weldable relation. 

20. The load beam and ?exure combination according to 
claim 19, in Which said ?exible circuit along the length of 
said ?exure is free of metal layer laminate other than at said 
loci of Weld attachment. 


